One of the most controversial problems in plant physiology is that of translocation of organic materials inside the plant. This is mainly due to a lack of information. In spite of the investigations of Crafts, Curtis, Mason, Munch, Phyllis, Schumacher and many others, we need much more basic information before we will have a proper insight in this problem and before we can accept a satisfactory theory of translocation.
nutrients had been interfered with, as well as the downward movement of sugars. Analysis of the the entire plant top proved this. Chilling of the main stem had no appreciable effect on the actual amount of water movement. Plants with chilled stems bled as freely when cut above the chilled section as did the non-chilled controls, which were cut at the same relative position. In other experiments involving a chilling of the stem, the leaves would never lose their normal turgor. KRUSEMAN (9) , using another species of bean (Phaseolus multiflorus Limk.), came to a somewhat different conclusion. His first work with cut stems, in which the iodine test for starch was used, showed decreased translocation when the petioles were kept at a lower temperature. Since the iodine test can hardly be considered accurate for quantitative determinations, Kruseman based his later experiments on dry weight. Although he concludes that in some of his experiments chilling of the petioles retards translocation, a critical survey of his data fails to indicate a definite trend, as the correlation table in figure 1 shows, summarizing KRUSEMAN's experiments. This figure gives the dry weight of the leaves with chilled petioles as percentage of the control leaves kept at room temperature. Values based on weight changes per unit leaf area gave a similar wide scattering, with no correlation trends.
Chilling of the stem of Cucurbita to 2-4o C was found by CRAFTS (3) to retard exudation (considered to be phloem-exudate) from a cut stem about 50 per cent. He suggested this effect may be due to a change in the viscosity of the solution of nutrients, and that although protoplasmic streaming may be stopped at such temperatures, because of a similar increase in viscosity, it does not necessarily follow that a direct relationship exists between protoplasmic streaming and longitudinal transport of solutes.
The chemical composition of the exudate from the chilled and unchilled plants in the above experiment was not significantly different, thus showing that nothing had precipitated or crystallized out in the cooled stems.
VAN DER WEY (15) found that the velocity of transport of growth substance in the Avena coleoptile appears to be almost independent of temperature. At temperatures below 40-450 C however, the volume of transport varies according to temperature, much as the curve representing a life process varies. Transport at 0°C in the coleoptile is decreased to a value approaching the rate of diffusion, yet it remains polar, and on account of this, is unlike diffusion. The fact that the rate of protoplasmic streaming is greatly influenced by temperature would indicate that translocation is largely independent of this phenomenon, in the case of growth substance in Avena. Later, BOTTELIER (1) found that the rate of protoplasmic streaming in the Avena coleoptile is affected by temperature but little within the normal range of most experiments.
On the other hand, SCHUMACHER (14) by using fluorescein dye, has shown that the velocity of transport is greatly influenced by temperature, and that very little transport takes place at temperatures near 0°C. This discrepancy may be due to the fact that the channels and the mechanism for translocation are entirely different for auxin and for fluorescein. SCHU-MACHER found that fluorescein is carried solely in the protoplasm, and thus its transport is probably largely through parenchyma cells.
In work on Biloxi soybean, in which the entire plant was kept at temperatures between 550 and 85°F (13-29' C), PARKER and BORTHWICK (11) have shown that sucrose, reducing sugars and total sugars in the leaves and stems of plants increased with a decrease in temperature during the dark period. It was later found (PARKER, BORTHWICK and HEINZE, 13) that Biloxi soybean plants in which the petioles were cooled during a four-day photoperiodic induction period showed an inhibition of flowering, apparently resulting from the influence of low temperature on the transport of a flower-forming stimulus from the leaves. The petioles were cooled to temperatures ranging from 3 to 250 C. In a still more recent paper (PARKER and BORTHWICK, 12) it was demonstrated that when a leaf of Biloxi soybean is kept at various temperatures ranging between 450 and 105°F (7-41' C) during a five-day induction period, floral initiation is greatly inhibited at temperatures lower than 130 C. Such an inhibition is probably due to the temperature effect on photoperiodic reactions occurring in the leaf blade during the dark period rather than its effect on translocation of a flower-inducing stimulus from the leaf to the terminal meristems.
Thus it might seem from this work that low temperature inhibits the transport of flower stimulus, but increases the rate in the case of carbohydrates. However, no conclusions should be drawn from this since only local chilling was used in two cases, and the entire plant chilled in the other case.
ing how long it takes between the moment 7 per cent. sucrose is applied to leaves and the moment that this sugar becomes effective in the root system. The activity of the root system is measured by the rate of exudation (bleeding) which requires respiratory energy (see e.g. VAN OVERBEEK, 16 19 ) that cutting leaves off inhibited sugar trans-location in the stem somewhat more than when they were pinched off, and that this inhibitory effect decreased with time. The bleedometer used was described in an earlier paper (WENT 17). The only modification was an installation of electric resistance heaters, located so that the paper with its freshly fallen drops of dye would pass over them. This dried the drops more efficiently than the capillary tubes described in the earlier paper. Two bleedometers for six plants each were used, so that recordings on 12 plants could be mad-e simultaneously. Figure 2 shows one of the bleedometers. The recording paper moves between wooden cylinders, of which the lower one is rotated with a small electric clock motor, the cylinder being connected with the minute hand S _ _ ___4---5:
Pio. 3 . Metal collar (4) as installed around tomato stem (1) . Each half of the collar has a copper tube (5) soldered to it, through which the cooled water. flows. The stem is held in place inside the collar by two cotton plugs (3).
shaft. Small metal points slightly protruding from the lower cylinder prevent slipping of the paper and provide time-marks. The plants are attached with rubber tubing to T tubes, one end narrowed to a drip point above the strip of paper, another, closed with a stopcock, widened to a funnel to fill the tubes. The figure shows the tomato plants in pots, with the collar attached around the stem, and two leaves immersed in large test tubes filled with sugar solution or water.
The plants were divided into three series of four plants each. The first four had a 7 per cent. sucrose solution applied to two of their leaves, and 22 cm. long collars consisting of the two halves of longitudinally split metal tubing, which were clamped around the base of their stems. Copper tubing was soldered to both halves of these collars, through which could be circulated water at any desired temperature, thermostatically controlled to + 0.50 C. The stems were wrapped with cotton batting at each end of the collar, before its application. The latter was then wrapped with paper toweling to provide further insulation. Figure 3 shows a sketch of one of these collars installed on the plant. Temperature drop through the series of four plants was less than 1.0°C, when working at the lowest temperatures. All temperatures indicated are the median of this 1.00 range and were taken within the collar itself. It should be stressed that the water circulated only through the copper tubing, and not between collar and stem.
The that no water was circulated through the collars. They therefore remained at room temperature, which was thermostatically controlled at 23.00 ± 1.00 C.
The third series acted as controls, and had two of their leaves immersed in distilled water. The stems also had collars, just as the second series.
The two leaves immediately above the collar were the ones immersed, and the plant was decapitated just above them. In this way no leaves were exposed to the air where water might be lost by transpiration. The plants were watered well at the beginning of the experiment, and the pots were constantly kept in a water bath, about 1 cm. deep, throughout the period of bleeding.
In preliminary experiments, it was found that the bleeding of sucrose-fed plants began to material by determining the difference in reducing power of the two aliquots of each sample, one before and one after hydrolysis of the extract with invertase. Reducing power was measured by titration with ceric sulphate, according to the method of HASSID (8) . Since reducing sugars were not evaluated, this simplification was used. The sucrose values are not influenced when the hydrolysis is carried out with invertase.
In some of the later experiments in which the collars were cooled to 5°C, four series of three plants each were used. In addition to the three Tables I, II and III refer only to the first of these graphs ( fig. 6 ). The graph for the 5°C experiments is placed last ( fig. 10) , as it contains the extra series of plants previously described.
The first thing that is apparent in the graphs is the earlier upward inflection of the sugar effect on bleeding is absent when a short section of the stem is killed with steam, and is greatly reduced when wounds have been made along the path of translocation through the stem. Such wounds do not interfere with the basic rate. of bleeding, they only affect the sugar effect (WENT and CARTER, 19 ). This also proves that the increased rate of bleeding has its focus of activ-ity below the wound, and not in the upper parts of the stem. During the first 10 hours after application of sugar the plants whose leaves are submerged in water, bleed consistently one to two drops per hour more *than the sugar-treated plants. This is due to the osmotic effect of the 7 per cent. sugar solution. Whereas the tubes containing water lose 3.6 cc of water towards the immersed leaves, the tubes containing 7 per cent. sucrose lose only 0.8 cc during the same period. Notwithstanding this additional amount of bleeding sap to be moved upward through the stem, the absolute amount of bleeding sap expressed through the cut surface 17 hours after beginning of the sugar treatment, exceeds that of the control plants in all cases when the stems are cooled to 1-15°C, and in two out of five cases at room temperature.
In four out of five groups of experiments the increase in the rate of bleeding due to sugar application starts earlier when the stems are cooled -they will not be reported, but when the stems were kept at 50, 60 and 9°C, she also found a more rapid and more extensive bleeding than at room temperature, when sugar was applied. This means that the observed acceleration and intensification of sugar transport through tomato stems at lower temperatures is reproducible and can be accepted as an established fact. The calculations of tables II and III also prove that the effect of sugar application is statistically significant. Figure 11 shoWs a fairly good correlation between the temperature at which the stems were kept and the rate of sugar transport. It has -to be borne in mind that this curve represents the length of time required for the sugar to be taken up through the leaves, to enter the sieve tubes, to move a distance of approximately 40 cm. through petiole, stem and root, and to become active in the root system. Only 20 cm. of the distance travelled in the sieve tubes is kept at the lower temperatures so that the three-hour time difference between transport at 10 and 230 C represents only half of the actual length of transport. Therefore the time required for the transport from leaf to root at 23°is at least six hours, even if transport at 10 is considered to require no time. We can say then, that the time required for sugar entrance into leaf and sieve tubes, transport through the sieve tubes at 10 C, and its becoming effective in the roots, is five and one-half hours. This also explains why these bleeding experiments have to be carried out in a cool atmosphere, and why experiments in a room kept at 270 C gave consistently negative results as far as effects of applied sug-ar were concerned.
It is possible to plot not only the rate of sugar transport, but also the relative amount transported can be judged. As discussed earlier, the sugarfed plants exude less than the water controls, because of the osmotic pull of the sugar solution. If this osmotic effect is eliminated by extending the bleeding curves for the sugar-fed plants parallel with the water controls, the area between this hypothetical curve and the real curve indicates the number of drops of bleeding sap which were exuded as a result of the sugar treatment. This is shown in figure 12 , which indicates that somewhere near 300 C transport through the stem in the San Jose Canner is reduced to practically zero. This corresponds well with figure 17 from WENT (17) , in which also 300 is the critical value, above which it was inferred that no sugar transport towards the roots could occur. Since in the experiments carried out at 50 the only six plants occurred, which did not show an increase in bleeding in response to sugar application, the mean values for the sugar effect are necessarily low, and therefore this series of experiments was not plotted in figure  11 .
The sugar analysis on the roots at the conclusion of each experiment show an apparent negative correlation with the bleeding data. However, in all cases the roots were harvested several hours after the maximum sugar effect had occurred. In several instances the bleeding of the sugar-fed plants with cooled stems by that time had dropped again below that of the water controls in five out of 15 cases or below that of the sugar-fed plants kept at room temperature (in seven out of 15 cases) (see e.g. figures 6 and 7) . Therefore the sugar analysis was not carried out when t-he differences in rate of bleeding were most pronounced, but when these differences had largely 522' According to MtNCH (10) the sugar solution which flows through the phloem remains in the symplast. WENT and ENGELSBERG (21) have suggested that the sucrose formed by photosynthesis actually never leaves the protoplasm. The sieve tubes through which the sugar moves are filled with a very thin protoplasmic mass, which seems to be equally distributed throughout the cells. Thus this protoplasm will constitute a resistance to the flow of sugar solution between its interstices, proportionate to the degree of swelling of the protoplasmic colloids. Since increase in temperature results in increased swelling (DE HAAN, 6) , decreasing the total free path' for solution, this concept would account for decreased flow of sugar solution at higher teniperatures. This view is not necessarily in conflict with the views expressed by DE-HAAN' (6) who attributes' increased permeability for water to swelling of the protoplasmic colloids. But in his case he considers only the protoplasmic lining of cells, where swelling of the protoplasmic colloids means increase in pore diameter between micells, when through swelling these micells are forced apart. In cells completely filled with protoplasm the micells cannot be forced apart, but swelling means decreased interstitial space.
We can therefore conclude, that the reported experiments do not support the activated diffusi6n or protoplasmic streaming theories of sugar translocation,; but can be interpreted provisionally on the basis of the Munch theory of mass-flow.
The method employed to measure the rate of translocation of sugar can 524.
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be used for the determination of other substances as well, as long as they affect the activity of the root system. By making auxin or vitamin B1 the limiting factors for bleeding, instead of sugar, the rate of bleeding would change upon their application.
Summary
Tomato plants with healthy root systems will bleed for a considerable time after decapitation. The rate of bleeding depends upon the activity of the root system, and this in turn is affected by its sugar content. By recording the rate of bleeding any changes due to sugar applied to the leaves could be measured. It was found that when 7 per cent. sucrose was applied to two leaves, inserted about 25 cm. high on the stem, the rate of bleeding suddenly increased about 1 hours after immersion of the leaves in sugar. By varying the temperature along a 20 cm. length of stem the effect of temperature on the rate and, intensity of sugar translocation could be measured in terms of bleeding. It was found that the time necessary for the sugar to take effect decreased as the temperature of the intermediate stem piece was decreased ( fig. 11 ). The amount of sugar translocated gradually increased as the temperature was lowered ( fig. 12 ). This means that in the tomato plant both the rate and intensity of sugar transport have a Q,o well below 1.
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